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(54) I.e. engine charge tumble intake system 

(57) The charge intake passage 31 has a straight portion 33 whose centre line is approximately parallel to the 
face of at least the exhaust valve for generating a tumble charge flow in the cylinder 40. A valve 27 associated 
with a partition wall 26 in the intake passage 31 may prevent flow in a region of the passage at light engine 
loads to increase the tumble at low charge flows. The charge control valve (27a, Figs. 4 to 6) may take various 
forms. The angle <9„ Fig. 2) which the roof (41 b) of the combustion chamber containing the intake valve makes 
with the cylinder axis (42) may be less than that (0 2 ) made by the roof 41a containing the exhaust valve. The 
engine may have intake passage or direct into the cylinder fuel injection. 
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-1- 
nKSCRIPTIOM 

ENGINE AIR INTAKE SYSTEM 



The present invention relates to appara- 
tus for improving an engine air intake system and is specifical- 
ly concerned with an apparatus capable of generating a 
stronger tumble flow in cylinders by modifying the configu- 
ration of the engine air intake port. 



Recently, fuel injection techniques have been 
dominant in automobile engines since the fuel injection 
system has a greater possibility of improving fuel economy and 
exhaust emissions than other fuel systems. 

Basically, there are two methods of fuel 
injection in which one is an intake manifold (intake port) 
injection method, or a port injection method and the other is 
a direct injection method. In the intake manifold injection 
method, fuel is injected under a low pressure into an air 
intake conduit through a fuel injector disposed at the intake 
manifold. On the other hand, in the direct injection method 
fuel is injected under a high pressure directly into a 
cylinder from a fuel injector disposed in the combustion 
chamber. 

Particularly in the former intake manifold injec- 
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tion method, when fuel is injected towards the air flow in 
the intake manifold, air and fuel are mixed up by the turbu- 
lence of the air flow and then the mixture of air and fuel is 
burned in the cylinder. However, when the engine is operated 
at light loads, the air flow in the intake manifold is so 
slow in speed that the injected fuel is burned in an insuffi- 
cient state of atomization in the cylinder and consequently the 
combustion efficiency is degraded. 

In order to avoid this degraded combustion effi- 
ciency at the light loading, there have been disclosed many 
techniques by which the mixing of air and fuel is performed 
efficiently by generating a swirl or a tumble in the cylin- 
der. 

Here, the swirl abovementioned is an air flow 
rotating circumferentially along the wall surface of the 
cylinder and the tumble is an air flow circulating in the 
direction of the cylinder axis. It is known that the swirl 
has a large effect on homogenizing the air and fuel mixture 
but it has little effect on accelerating combustion by the 
generation of turbulence. On the other hand, it is known 

that the tumble flow is effective to improve the combustion 
at the light loading of an engine by a strong turbulence 
effect which is caused when the tumble is broken near the end 
of the compression stroke. 

As one example of the technology employing this 
tumble technology, Japanese Utility Application No. Jitsu- 
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Kai- Hei 3-99833 discloses an intake port as illustrated in 
Fig. 7. 

The intake port is so designed that a straight portion of the 
conduit is formed upstream of the intake port 1 and a center 
line 2 of the straight portion abuts on the valve seat 5 of 
the exhaust valve 4 on the sectional plane containing a 
center line 2 of the intake port 1 . 

However, in this construction especially when an 
angle contained by the intake valve stem and the exhaust 
valve stem is small, a straight portion of the intake valve 
sheet or face 3 (portion B enclosed with a circle mark) is inevitably 
lengthened to avoid a power loss due to a decrease of the 
effective cross section of the intake port, and thereby 
it is not possible to obtain an air flow vector able to generate a 

tumble . 

As another example of the tumble technology, 
Japanese Patent Application No. Toku-Kai-Hei 2-301618 dis- 
closes a configuration of the combustion chamber for an 
internal combustion engine, as illustrated in Fig. 8 and Fig. 
9. Namely, the combustion chamber is formed by four conical 
surfaces and respectively two intake and exhaust valves are 
provided on each conical surface. Further, in this prior art 
a ridge line dividing an intake valve side and an exhaust 
valve side is offset to the exhaust side so as to generate a 
tumble more easily. In this configuration a "masking effect" 
tends to occur at the valve seat of the intake valve 6 and 
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further the combustion tends to become bad due to the large amount of 
embossing and engraving on the surface of the combustion cham- 
ber. 

As a further example of the prior art, Japanese 
Utility Application No. J i tsu-Gan-Sho 61-141457 discloses an 
induction system for an internal combustion engine as shown 
in Fig. 10. This prior art proposes a configuration of the 
combustion chamber 9 in which an intake port 8 is formed in 
such a way that the center line 10 of the intake port 8 is 
slanted more to the horizontal direction than the center line 
11 of the intake valve stem and further a concave part 14 is 
provided at the opposite side of the intake valve 13 on the 
top surface of the piston 12. According to this prior art, 
the tumble flow is effectively generated by the concave part 
14 which is disposed on the opposite side of the intake valve 
13. However, since the concave part 14 is offset against the 
axis of the cylinder 15, the tumble flow can not be kept 

alive after the bottom dead center of the piston 12. 

The aforementioned prior art is concerned with 

modifications made to the configuration of the combustion 
chamber or the intake port. However there is one example of 
the prior art using some additional equipment for generating 
a tumble. This is a Japanese Patent Application No. 
Toku-Kai-Sho 58-124019 which discloses a tumble control valve 
disposed upstream of the intake port in order to generate a 
deflected stream in the intake port. In that prior art, 
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however, the deflected stream generated by the tumble control 

valve is weakened at a relatively early stage of genera- 
tion, because there is no separate conduit only for letting 

the deflected stream flow. Therefore, a strong tumble flow 
can not be expected to be generated in the cylinder. 



It is an object of the present invention to pro- 
vide a configuration of an air intake passage for a fuel 
injection engine so as to generate a tumble in a cylinder 
easily. It is another object of the present invention to 
provide an apparatus for generating a deflected rapid air 
stream in an air intake passage which thereafter produces a 

tumble in a cylinder. 

in accordance with the present invention, there is 
provided an air intake system for a fuel injection engine having 
a combustion chamber, an intake port communicating with said 
combustion chamber, an air intake passage communicating with 
said intake port, an intake valve provided on a roof of said 
combustion chamber and an exhaust valve provided on another roof 
of said combustion chamber, a cylinder, and a piston, the system 
comprising: 

a straight portion provided in said air intake passage; 
and wherein 

said straight portion includes a centre line approximately 
in parallel with a roof face of said other roof so as to induce 
air into said combustion chamber without disturbing a streamline 
of said air formed at said straight portion and to generate an 
optimum tumble in said cylinder. 



BNSOOCIO: <GB 2283058A . I > 



-6- 



Also disclosed is an apparatus comprising: 

an air intake passage including a straight por- 
tion provided upstream of the air intake passage; 

an air intake passage including a center line of 
the straight portion approximately in parallel with a roof 
face of the combustion chamber on the exhaust valve side so 
as to introduce air into the combustion chamber without 
disturbing a streamline formed at the straight portion and to 
generate a tumble in the cylinder; 

a dividing wall provided upstream of the air 
intake passage for dividing the air intake passage into a 
first passage and a second passage, the first passage provid- 
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ed farther from the cylinder than the second passage; and 

a flap valve hinged on the dividing wall for 
generating a rapid air stream in the air intake passage by 
letting flow intake air through the first passage by means of 
closing the second passage with the flap valve when the 
engine is operated at a predetermined operating condition. 

By way of example only, specific embodiments of the present invention 
will row be described with reference to the accompanying drawings, in which 

Fig. 1 (a) is a schematic drawing showing an air 
intake system of an engine according to a first embodiment of 
the present invention. 

Fig- 1 (b) is a view of D-D section showing an 
elevational configuration of a tumble control valve according 
to the first embodiment of the present invention. 

Fig. 2 is a schematic drawing showing an air 
intake system of an engine according to a second embodiment 
of the present invention, when a configuration of the combus- 
tion chamber of Fig. 1 is changed. 

Fig. 3 is a schematic drawing showing an air 
intake system of an engine according to a third embodiment of 
the present invention, when a configuration of the piston is 
changed in Fig. 1. 

Fig. 4 is a schematic drawing showing an air 
intake system of an engine according to a fourth embodiment 
of the present invention, when a modification has been made 
to a tumble control valve of Fig. 1. 
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Fig. 5 (a) is a schematic drawing showing an 
example of variations of the fourth embodiment. 

Fig. 5 <b> is a top view of Fig. 5 (a). 

• - 

Fig. 6 is a schematic drawing showing another 
example of variations of the fourth embodiment. 

Fig. 6 Cb) is a top view of Fig. 6 (a). 

Fig. 7 is a sectional view of an intake port 
according to a prior art. 

Fig. 8 is an A-A section view of the combustion 
chamber according to the prior art in Fig. 7 . 

Fig. 9 is a partially sectional view of the C-C 
section in Fig. 8. 

Fig. 10 is a sectional view of an engine according 
to another prior art. 



Referring now to Fig. 1 Ca), in an intake conduit 25 
of an engine intake system there is provided a separator 26 by 
which intake conduit 25 is separated into upper passage 48 
and lower passage 49. Tumble control valve 27 is a valve 
known as "a flap type" with its hinge 51 connected to the 
upstream end of separator 26. Further/ as shown in Fig. 1 
Cb), flap 50 of tumble control valve 27 is operated pivotal- 
ly so as to close or open only lower passage 49. 

When the engine is operated at light loads, tumble 
control valve 27 acts so as to pass intake air with high speed 
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through upper passage 48 of intake conduit 25 because lower 
passage 49 is fully closed with flap 50, as shown in Fig. 1 
(a) . 

Here, the term "light loads" or "heavy loads" used 
in the present invention does not mean the meaning commonly 
used. For convenience of this invention, the engine opera- 
tional condition is divided into two conditions, one is 
"light loads" where the engine is relatively at light loads 
and another is "heavy loads" where the engine is relatively 
at heavy loads. Whether the engine is at light loads or heavy 
loads is determined by referring to a predetermined map 
parameterizing, for example, an engine speed and a fuel 
injection amount. 

Further, fuel injector 28 is disposed downstream 
of intake conduit 25 with its nozzle (not shown) oriented 
toward intake port 31. Intake port 31 is provided downstream 
of intake conduit 25 and is open to combustion chamber 41 
through an intake valve. Also, exhaust port 32 is formed in 
the vicinity of intake port 31. 

In an engine having a pent-roof type combustion 
chamber, there is a straight portion 33 up- 
stream of intake port 31 and a bent portion 34 immediately 
following straight portion 33. The configuration of intake 
port 31 is determined in such a way that the center line 35 of 
straight portion 33 is approximately parallel with an ex- 
tended line of roof line 41a of the pent-roof type combustion 
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chamber 41 on the exhaust port 32 side. 

In the engine intake system thus constructed, when 
the engine is operated at Light loads, the intake air flows 
with high speed through the upper passage of intake conduit 
25 by closing the lower passage thereof by means of the 
rotational operation of tumble control valve 27. Since the 
intake air flows smoothly along roof line 41a of combustion 
chamber 41 into cylinder 40, the tumble is efficiently 
generated therein, whereby combustion is improved at the 
engine light loads condition. 

Fig. 2 is a schematic view showing the intake 
system according to the second embodiment. In the following 
description, the same numerals will be used as are used in 
Fig. 1 and duplicate descriptions will not be made. 

As illustrated in Fig. 2, the combustion chamber 
according to the second embodiment is determined in such a 
way that an angle $ 2 contained by roof line 41a of combus- 
tion chamber 41 on the exhaust port 32 side and an axis 42 of 
the cylinder 40 is substantially larger than an angle 6^ con- 
tained by roof line 41b of combustion chamber 41 on the 
intake port 31 side and an axis 42 of the cylinder 40. 

In this intake system thus constructed -r since a 
substantially small angle can be taken with respect to the 
angle B j, center line 35 of straight portion 33 of intake 
port 31 and cylinder axis 42 meet at a near right angle. 
Consequently, the angle contained by center line 35 of 
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straight portion 33 of Intake port 31 and the intake valve 
stem becomes obtuse, thereby the radius of curvature at bent 
portion 34 of intake port 31 can be made so Large as to 
minimize the pressure drop in intake port 31. 

This design method according to the second embodi- 
ment will be more effective in case where an angle 0 3 con- 
tained by the intake valve stem and the exhaust valve stem is 
rather small. 

Fig, 3 is a schematic drawing showing an intake 
system of an engine according to a third embodiment of the 
present invention, when a configuration of the piston is 
modified in the first or second embodiment That is to say, 
in the third embodiment, bowl 45 is provided on piston head 
44 of piston 43 in addition to intake systems according to 
the first or the second embodiment. Bowl 45 shown in Fig. 3 
has a configuration of hemispherical concave so as to let 

the tumble flow smoothly along the wall of the cylinder and 
the piston head and to keep that tumble stream without being 

disturbed for a long time. 

Fig. 4 (a) is a schematic drawing showing an 

intake system of an engine according to a fourth embodiment 

of the present invention, when a modification has been made 

to tumble control valve 27 in the first embodiment. In Fig. 

4 (a) according to the fourth embodiment, with respect to the 

separator and the tumble control valve, numerals will be 

designated hereinafter as 26a and 27a respectively. 
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Th e tumble control valve 27a according to this 

embodiment is a valve known as "butterfly type" with its 
rotational axis 51 connected to the upstream end of separator 
26a. Valve disk 50a of control valve 27a is extended to both 
upper passage 48 and lower passage 49 and has notch 52 at the 
edge of valve disk 50a on the upper passage 48 side. 

When the engine is operated at light loads where a 
tumble is needed for combustion improvement, tumble control 
valve 27a is at a fully closed position as illustrated in Fig 
4 (a). With this valve position the intake air flows only 
into upper passage 48 through an opening formed between notch 
52 of tumble control valve 27a and upper wall 47 of induc- 
tion passage 25. The intake air guided by upper passage 48 
grows into a strong deflected stream in intake port 31 and 
then the fuel is injected into that stream from fuel injector 
28. Then air and fuel flow into cylinder 40 in a deflected 
stream through an upper side 53 of intake valve 54 and 
consequently the tumble flow is generated in cylinder 40 as 
shown in Fig. 4 (a). On the other hand, when the engine is 
operated at heavy loads, since no tumble is needed at these 
operating conditions, tumble control valve 27a is set at the 
wide open position where both upper passage 48 and lower 
passage 49 are fully open. 

Fig. 5 and Fig. 6 are drawings showing variations 
of the fourth embodiment described above. Referring to Fig. 
5, separator 26a has been extended as far as possible to the 
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extent not disturbing fuel injection from fuel injector 28 
and in Fig* 6, in addition to the variation above, notch 53 
is provided at the downstream end of separator 26a exposed to 
the injected fuel. These variations are aimed at strengthen- 
ing the deflected stream for generating a stronger tumble. 

In summary, the first embodiment according to the 
present invention provides an induction system for an engine 
that can generate a tumble efficiently by means of a tumble 
control valve and the second embodiment provides an improve- 
ment of the first embodiment in which modifications are made 
to the configuration of the combustion chamber. Further, the 
third embodiment provides a design of the piston that can 
maintain the tumble generated by above induction systems as 
long as possible. Further, the fourth embodiment is an induc- 
tion system modified in the tumble control valve of the first 
embodiment. 

The combustion chamber described in the preferred 
embodiments according to the present invention is a pent-roof 
type combustion chamber. However the aspects of the present 
invention are also applied to other types of combustion 
chamber such as mult {-hemispherical type. 

For example, in case of an engine having a multi- 
hemispherical type of combustion chamber, with respect to the 
first embodiment the intake port should be determined in such 
a way that the center line of the straight portion of the 
intake port is almost parallel with the valve seat i face of 



an exhaust valve. Further, with respect to the second embodi- 
ment the roof angles tf j and 0 2 should be replaced with the 
angles contained by the axis of the cylinder and the valve 
seat faces of the intake and exhaust valves respectively. 

Furthermore, in the aforementioned preferred 
embodiments of the present invention, the fuel system is a 
so-called port injection type in which the fuel injector is 
mounted on the intake system, that is to say, fuel is inject- 
ed before the intake valve. However, the techniques dis- 
closed hereinbefore can be applied to an engine whose fuel 
system is a so-called direct fuel injection type having an 
injection nozzle in the combustion chamber. 

While the presently preferred embodiments of the 
present invention has been shown and described, it is to be 
understood that these disclosures are for the purpose of illus- 
tration and that various changes and modifications may be 
made without departing from the scope of the invention. 
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CLAIMS 

1. An air intake system for a fuel injection 
engine having a combustion chamber, an intake port 
communicating with said combustion chamber , an air 
intake passage communicating with said intake port, an 
intake valve provided on a roof of said combustion 
chamber and an exhaust valve provided on another roof 
of said combustion chamber, a cylinder, and a piston, 
the system comprising: 

a straight portion provided in said air intake 
passage; and wherein 

said straight portion includes a centre line 
approximately in parallel with a roof face of said 
other roof so as to induce air into said combustion 
chamber without disturbing a streamline of said air 
formed at said straight portion and to generate an 
optimum tumble in said cylinder. 

2. An air intake system as claimed in claim 1, 
further comprising a dividing wall provided in said 
air intake passage for dividing said air intake 
passage into a first passage and a second passage, 
said first passage provided farther from said cylinder 
than said second passage; and 

a valve hinged on said dividing wall for closing 
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said second passage so as to form a rapid air flow in 
said first passage when said engine is operated at a 
predetermined operating condition. 

3. An air intake system as claimed in claim 1, 
wherein said combustion chamber includes a first angle 
contained by said roof and an axis of said cylinder, 
and a second angle contained by said other roof and 
said axis of said cylinder; and 

said first angle is substantially smaller than 
said second angle. 

4. An air intake system as claimed in claim 3 r 
further comprising: 

a dividing wall provided in said air intake 
passage for dividing said air intake passage into a 
first passage and a second passage , said first passage 
provided farther from said cylinder than said second 
passage; and 

a valve hinged on said dividing wall for closing 
said second passage so as to form a rapid air flow in 
said first passage when said engine is operated at a 
predetermined operating condition. 

5. A system as claimed in any of the preceding 
claims, further comprising; 

a concave provided on a head of said piston so as 
to prolong said tumble. 
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6. A system as claimed in claim 5, wherein the 
concave portion is generally hemispherical. 

7. A system as claimed in claim 2 or claim 4, or 
claims 5 or claim 6 when appendant to claim 2 or claim 
4, wherein the valve comprises a flap valve. 

8. A system as claimed in claim 2 or claim 4, or 
claim 5 or claim 6 when appendant to claim 2 or claim 
4, wherein said valve comprises a butterfly valve 
pivotally connected to an upstream end of said 
dividing wall. 

9. A system as claimed in claim 8, wherein said 
butterfly valve comprises a valve disc with a notch on 
a side of said first passage for closing said second 
passage and for passing said air through an opening 
formed between said notch and a wall of said first 
passage, when said engine is operated at a 
predetermined operating condition. 

10. An air intake system for a fuel injection 
engine, substantially as herein described, with 
reference to, and as illustrated in, any of Figs. 1 to 
6 of the accompanying drawings. 

11. A fuel injection engine comprising an air 
intake system as claimed in any of the preceding 
claims. 
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